A review of the current literature shows that there is a lack of consensus regarding the treatment of spondylolysis and spondylolisthesis in children and adolescents. Most of the views and recommendations provided in various reports are weakly supported by evidence. There is a limited amount of information about the natural history of the condition, making it difficult to compare the effectiveness of various conservative and operative treatments. This systematic review summarises the current knowledge on spondylolysis and spondylolisthesis and attempts to present a rational approach to the evaluation and management of this condition in children and adolescents.
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Epidemiology
Spondylolysis is a unilateral or bilateral defect of the pars interarticularis and occurs in between 6% and 11.5% of adult Caucasians. 1 The male-to-female ratio for the condition is 2:1. [2] [3] [4] [5] [6] Progression to spondylolisthesis is more likely in female patients. 7, 8 There is ethnic variation, with a prevalence of up to 54% in adult Inuit and 2% in the black population. 9, 10 Spondylolysis is not seen in the newborn but appears after walking begins, which implies that the upright posture and bipedal position play a role in its development. It has not been encountered in children who cannot walk. 11 The incidence increases from 4.4% in children aged six to 6% at the age of 18, and remains stable at that rate throughout adulthood. 1 Spondylolisthesis developing after the end of spinal growth and in adult life is uncommon. 5 The prevalence of the condition increases in children and adolescents who are active in sports involving repetitive hyperextension of the trunk, such as gymnastics, weight-lifting, swimming, wrestling and rowing. 12, 13 The incidence of spondylolysis varies from 11% in young gymnasts to 15% to 20% in dancers presenting with back pain, 30% in wrestlers and as high as 43% in divers. [13] [14] [15] Exaggeration of lumbar lordosis during these activities causes increased stress in the pars interarticularis, resulting in a fatigue fracture.
Pathogenesis
There are mechanical and anatomical factors which probably act in conjunction and lead to the development of a spondylolysis. There is also an inherited predisposition, with an increased familial incidence and a parallel occurrence of spondylolysis and spina bifida occulta. 11, [16] [17] [18] In approximately 90% of patients spondylolysis occurs at the junction of the relatively stable sacrum and the mobile lumbar spine. 19 The most commonly affected level is the lumbosacral joint, which is anatomically unique in that the forward-facing inferior articular processes of L5 lock against the backward-facing sacral facets, preventing anterior displacement of the vertebral body of L5 on the sacrum. The spatial orientation of L5 on the sacrum, together with an intact intervertebral disc and ligamentous complex, provides static stability to the lumbosacral joint. 18 Spondylolysis is considered to be a fatigue fracture caused by repetitive mechanical stresses on the lower lumbar spine.
During flexion/extension, the load on the posterior bony arch in a normal spine increases considerably from L1 to L5, with the highest mechanical stress concentrated at the pars interarticularis of L5. 20 The latter is the lowest weight-bearing individual vertebra and is situated at an angle to the horizontal designed to resist both compressive axial and shear forces. Dynamic stability during movement or loading relies on the interaction of the neuromuscular system with the static stabilisers, which comprise osseous and ligamentous structures as well as the intervertebral disc.
Compression is resisted by the disc and the vertebral body. Shear is resisted by the disc and the posterior bony elements. The pars interarticularis represents the bony connection and is biomechanically the weakest link between these two parts of the vertebra. Morphometric analysis of specimens of the lumbar spine has demonstrated that the isthmic and lateral buttress portions of the pars are the thinnest in the lowest part of the lumbar spine. 21, 22 Engaging in vigorous activities when the posterior arch is not completely ossified and the intervertebral disc is very elastic makes the pars susceptible to fatigue failure. 23 Cyclical loading of the lumbar spine in paediatric cadaver specimens has been shown to produce high tensile and shear forces across the pars, resulting in fractures. 24, 25 In patients with Scheuermann's kyphosis the presence of compensatory lumbar hyperlordosis results in repetitive shear forces on the pars interarticularis that lead to the development of a lumbosacral spondylolysis and spondylolisthesis. 26 Adequate separation between adjacent articular facets allows the posterior elements to overlap one another during hyperextension. A recent anatomical study has demonstrated that individuals who lack sufficient interfacetal distance in the cranial to caudal direction are likely to pinch the L5 lamina between the inferior facets of L4 and the superior facets of S1 during repetitive lumbar extension, leading to the development of a spondylolytic defect. 27 Disruption of the posterior vertebral bony elements, either by an isthmic fracture or by congenital dysplasia, weakens their tension band effect and leads to ventral migration of the anterior vertebral column, resulting in spondylolisthesis.
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Classification
Wiltse 11 and Wiltse and Jackson 23 recognised five types of spondylolisthesis: dysplastic, isthmic, degenerative, posttraumatic and pathological. More recently, a sixth type has been added to describe spondylolisthesis caused by a localised mechanical instability and occurring in 20% of children with spasticity who have undergone laminectomy for rhizotomy. 29, 30 Dysplastic and isthmic spondylolisthesis may occur in children and adolescents whereas degenerative, post-traumatic and pathological spondylolisthesis usually affect older adult patients. Marchetti and Bartolozzi 31 have proposed a revised classification system which suggests that the dysplastic and isthmic forms of spondylolisthesis should be grouped together as developmental. Subsets of developmental spondylolisthesis include high dysplastic and low dysplastic, depending on the extent of bony abnormalities affecting the lumbosacral junction. Dysplastic facet joints, spina bifida at L5 or S1, isthmic spondylolysis or an elongated pars are frequent features in both types. The high dysplastic type is associated with significant lumbosacral kyphosis, a trapezoidal L5 vertebra with hypoplastic transverse processes and sacral doming with a vertical sacrum. 31 The low dysplastic type is associated with a relatively normal lumbosacral profile, a rectangular L5 vertebra and a normal upper endplate of S1 with an oblique sacrum. 31 The term dysplastic spondylolisthesis was first used by Wiltse 11 to describe a forward displacement of L5 on the sacrum due to congenital abnormalities of the lumbosacral articulation in the presence of an elongated but intact pars interarticularis. The body of L5 rotates forward and downwards over the top of the sacrum while the pelvis becomes retroverted. Owing to the presence of intact posterior elements, as well as the rapid progression of anterior displacement of L5 on the sacrum, dysplastic spondylolisthesis carries a high risk of neurological complications.
Meyerding's grading system 8 is used to describe the percentage of displacement of the inferior aspect of the body of L5 in relation to the superior border of the sacrum. No displacement is grade 0; 0% to 25% displacement is grade I; 25% to 50% is grade II; 50% to 75% is grade III; 75% to 100% is grade IV; and more than 100% is grade V (spondyloptosis).
Spinopelvic balance
Restoration of global sagittal balance of the spine and pelvic alignment is paramount in the treatment of any spinal deformity. Hresko et al 32 described two patterns of deformity in patients with a high-grade spondylolisthesis, based on the alignment of the sacrum and pelvis (Fig. 1) . The first
Diagram showing a) normal lumbosacral parameters preserved in a balanced spondylolisthesis and b) the unbalanced retroverted pelvis group is characterised by a vertical sacrum with a low sacral slope and high pelvic tilt, as well as an increased risk of sagittal imbalance. Pelvic tilt (PT) is defined as the angle subtended by a vertical line starting at the centre of the femoral head and a line connecting to the midpoint of the sacral endplate. Sacral slope (SS) is defined as the angle subtended by a horizontal reference line and the sacral end-plate. Pelvic incidence (PI = PT + SS) is a fixed angle that describes the relationship of the sacrum with the acetabulum or pelvis. The angle is subtended by a line from the centre of the femoral head to the midpoint of the sacral end-plate and a second line from the midpoint of the sacral end-plate running perpendicular to it. A low PI implies a low pelvic tilt and lower lumbar lordosis; a large PI reflects pelvic retroversion with increased lumbar lordosis. The slip angle is a measure of lumbosacral kyphosis defined by the perpendicular to the posterior cortex of the sacrum and a line along the inferior border of L5. group was classified as balanced and maintained spinopelvic parameters similar to those in the normal population. The second group had marked retroversion of the sacropelvic complex and exhibited spinopelvic patterns which were not found in normal individuals; this group was classified as unbalanced. The balanced group is characterised by a high sacral slope and low pelvic tilt. The unbalanced group has a vertical sacrum with a low sacral slope and a high pelvic tilt, as well as a high risk of sagittal imbalance. Local sagittal imbalance of the lumbosacral junction in spondylolisthesis is compensated through the adjacent mobile vertebral segments. The forward slippage of L5 and the lumbosacral kyphosis tend to displace the centre of gravity anterior to the sacrum, producing a positive sagittal balance. Balance of the spine in the sagittal plane is initially preserved by compensatory lumbar hyperlordosis and thoracic hypokyphosis. With further progression of the spondylolisthesis these compensatory mechanisms cannot accommodate and in order to maintain the centre of gravity posteriorly and preserve sagittal balance, retroversion of the pelvis, measured as an increased pelvic tilt, is required.
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Natural history
The long-term prognosis of the condition is generally benign, and most patients do well with conservative measures. Progression of spondylolisthesis is uncommon in the presence of < 30% slippage and rarely occurs after adolescence.
7,10,34 Beutler et al 2 described a group of first-grade students with an early diagnosis of an asymptomatic spondylolysis and spondylolisthesis who were followed for a period of 45 years. Individuals with pars defects had a clinical course similar to that of the general population. Progression of the slip was highest during the adolescent growth spurt and slowed markedly during adulthood until the age of 50. The degree of spondylolisthesis did not exceed 40% in any of these patients. Unilateral pars defects did not develop a spondylolisthesis. 8 In general, the presence of a high-grade spondylolisthesis and significant lumbosacral kyphosis at diagnosis constitutes the most predictive factor for further progression. [35] [36] [37] Persistently symptomatic spondylolysis in adolescence has a less welldefined prognosis.
Kalichman et al 1 investigated an unselected group of adults aged 40 to 80 years with CT imaging and found a prevalence of lumbar spondylolysis of 11.5%, almost twice that observed in previous plain radiologic studies. The male-to-female ratio in the studied sample was 3:1 for spondylolysis, 2:1 for isthmic spondylolisthesis and 1:3 for degenerative spondylolisthesis. There was no significant association between spondylolysis, isthmic or degenerative spondylolisthesis and the occurrence of low back pain.
Clinical presentation
Patients usually present in late childhood or early adolescence with symptoms of mechanical midline low lumbar pain aggravated by sporting activities or prolonged standing. Radicular symptoms and a postural spinal deformity are more common in high-grade spondylolisthesis. The severity of symptoms often correlates with the degree of vertebral displacement. 38 A history of participation in athletic activities or a traumatic episode may initiate the symptoms. 39, 40 Pain on lumbar hyperextension is a common clinical finding. 41 It can be elicited when performing the one-legged hyperextension test. This manoeuvre is usually painful on the affected side. 42 Pain in the buttock radiating into the posterior thighs is common during walking or standing. A neurological deficit affecting the L5 or S1 nerve roots is present in 15% of patients. 43 Bowel or bladder dysfunction can occur with significant progression of the slip. In older patients it is important to exclude concomitant pathology at other levels.
Tightness of the hamstrings is present in 80% of symptomatic patients. 44 The Phalen-Dickson sign 45 describes a wide-based standing posture with the knees and hips markedly flexed, leading to a crouching gait, a stiff lumbar spine with marked lordosis, associated posterior pelvic tilt, a vertical sacrum, and the presence of an abdominal crease. It may be present regardless of the degree of slip. Forward bending and straight leg raising is limited, and the popliteal angles are greater than 45°. Palpation of the spinous processes may reveal a step-off, with the process of L5 being more prominent than L4, as it has been separated from its vertebral body by the bilateral pars defect. If a traumatic event has preceded the onset of symptoms there may be localised tenderness over the spinous process of L5, indicating an acute fracture of the pars interarticularis.
Lumbar or thoracolumbar scoliosis may be present in 47% of patients with a spondylolisthesis. 46 The incidence is higher in those with a dysplastic spondylolisthesis and a higher degree of displacement. 47 The aetiology of the scoliosis is not clear. Most commonly it is secondary to a rotatory slip, tightness of the hamstrings, or an antalgic compensatory effect due to severe spasm of the trunk muscles. 40, 48 This compensatory scoliosis tends to resolve or improve after a lumbosacral fusion if this is performed before the curve becomes structural.
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Imaging
The diagnosis can be established by obtaining anteroposterior, lateral and oblique radiographs of the lumbar spine and lumbosacral junction. Bilateral spondylolytic defects are easily identifiable on a lateral view, and a unilateral pars lesion can be seen on an oblique radiograph as the collar, or broken neck, of the 'Scottie dog'. In patients with a unilateral defect, the contralateral side may show sclerosis in the pars. The lateral radiograph of the lumbosacral spine should always be obtained with the patient standing in order to detect an associated spondylolisthesis or to assess progression of the displacement. The erect lateral radiograph of the lumbar spine also allows measurement of the parameters of spinopelvic balance, which is essential when deciding on treatment (Fig. 1) .
In spondylolysis, SPECT scanning is a more sensitive imaging technique which has the ability to diagnose a stress reaction or subacute injury to the pars before a fracture occurs. Areas of increased osteoblastic activity can be seen as on a bone scan, but the addition of tomographic images in different planes allows for accurate localisation and a better illustration of the lesion. The spondylolytic lesions can also be differentiated into 'cold' or 'hot', depending on the degree of radionuclide uptake. Increased activity may suggest healing potential, whereas cold lesions can be considered established nonunions. 49 Standard bone scans are highly sensitive in identifying a bony abnormality such as an osteoid osteoma or osteoblastoma, but have very low specificity in establishing the diagnosis of spondylolysis.
CT scanning offers the best visualisation of bony morphology. Spondylolytic lesions can be classified with CT into early with focal bony absorption or a hairline defect, progressive with a wide gap and small fragments, or terminal, when sclerotic. This classification has a prognostic value regarding the ability to heal with treatment by a brace. 50 MR scans using 3 mm axial slices through the pedicle and disc space, with parasagittal views at the level of the pars, can also be diagnostic in staging the lesion. 51, 52 In acute lesions, high signal changes indicating bone marrow oedema can be seen on T2-weighted images of the pedicle adjoining the affected pars interarticularis. 52 The MR scan will also determine the condition of the intervertebral disc at the level of the spondylolisthesis, and exclude canal or foraminal stenosis resulting in neural compression.
Treatment
The need for and effectiveness of treatment in spondylolysis and spondylolisthesis depends on the age and remaining growth of the patient, the presence and severity of symptoms, and the degree of vertebral displacement.
Conservative treatment
Treatment of spondylolysis in children is usually nonoperative and involves modification of activity, rest and physiotherapy. 29 Exercises should be aimed at reducing extension stresses in the lumbar spine and relieving spasm of the hip flexors and hamstrings. These include improving the flexibility of the hamstring, back and abdominal muscles as well as strengthening exercises. Early lesions which show an increased uptake on radionuclide scans or have a high signal in the pedicle on T2-weighted MRI have good healing potential and should therefore be treated as a stress fracture with rest and bracing. Treatment with a brace should involve the application of a thoracolumbar spinal orthosis for a period of three to six months in order to reduce lumbar lordosis, thereby unloading the posterior vertebral elements and reducing the amount of shear forces across the pars. If diagnosed early most acute unilateral spondylolytic lesions and approximately 50% of acute bilateral lesions, can heal using this treatment. 50, 52, 53 Bracing is successful in alleviating low back pain in up to 80% of patients with a grade 0 or I spondylolisthesis. 54 Patients with a spondylolysis with or without a grade I spondylolisthesis are allowed to return to physical activities once their symptoms have resolved. In the presence of a grade II spondylolisthesis, physical activities can be resumed when the patient is asymptomatic, but loading of the spine in hyperextension should be avoided. Any growing child with a spondylolisthesis should be followed both clinically and radiologically every six to 12 months until skeletal maturity in order to detect progression of the slip. Patients who remain symptomatic after a six-month period of non-operative management should be considered for surgical treatment.
Surgical treatment
Spondylolytic defects can be treated surgically by direct repair of the lesion in the pars. Ideal candidates are young patients with a symptomatic lysis above L5 with no associated spondylolisthesis and alleviation of pain on infiltration of the pars defect with local anaesthetic. 55 The presence of spina bifida, a degenerative disc or facet disease, dysplastic bony changes and/or segmental instability is a contraindication to repair. Repair of spondylolisthesis at L5 produces less favourable results than lumbosacral fusion, possibly because many lytic defects at L5 are the end stage of a developmentally weakened and elongated pars.
Repair of a spondylolysis involves debridement of the nonunion and grafting with autologous bone from the iliac crest, followed by stabilisation of the free-floating distal fragment. This can be performed with tension band wiring, a single screw, a screw-hook or by screw-wiring compressive instrumentation. [56] [57] [58] [59] The authors prefer the use of bilateral pedicle screws connected through a U-shaped rod around the spinous process, which applies compressive forces to enhance healing of the bone graft across the defect (Fig. 2) . 60, 61 The instrumentation may occasionally need to be removed after the lysis is fused, especially in athletes. Good to excellent results have been reported in 70% to 100% of patients using segmental wire, screw-hook or screw-rod fixation across the repair. [57] [58] [59] [60] [61] [62] [63] The rates of pseudarthrosis are higher if repair is attempted in patients older than 20 years and if the defect is > 2 mm. 64 Surgical treatment of spondylolisthesis should be considered in growing children with a slip > 50% because of the high risk of further progression, in patients with radiological evidence of further displacement and in those with persistent back pain not relieved by conservative measures. Growing patients with a grade II spondylolisthesis with symptoms are also potential candidates for fusion. Posterolateral fusion in situ remains the mainstay of surgical treatment for children and adolescents with a persistently symptomatic spondylolysis at L5 or a grade I to II lumbosacral spondylolisthesis, and produces satisfactory and lasting results. 44, 65, 66 Lenke et al 66 treated 56 patients with isthmic spondylolisthesis at an average age of 15.3 years with bilateral posterolateral arthrodesis in situ using autologous bone from the iliac crest. Despite a fusion rate of only 68% on radiological assessment, clinical improvement was noted in more than 80% of patients with pre-operative symptoms of back pain, leg pain or tightness of the hamstrings. The author's preferred technique is a bilateral Wiltse 23 muscle-splitting approach through a midline skin incision, enabling fusion with autologous bone from the iliac crest across the transverse processes of L5 and the sacral ala (Fig. 3) . The use of instrumentation or a postoperative spinal support with a plaster jacket or brace is not necessary in young patients. With successful fusion of the Anteroposterior a) and lateral b) radiographs showing a bilateral spondylolysis (white arrow) repaired using a pedicle screw and U-shaped rod instrumentation and c) a lateral radiograph nine months after surgery shows fusion of the isthmic defect. THE JOURNAL OF BONE AND JOINT SURGERY lumbosacral junction in situ, tightness of the hamstrings resolves in most patients within 12 to 18 months after surgery. 67 The risk of neurological complications in the surgical management of spondylolysis and low-grade isthmic spondylolisthesis in young patients has been reported by the Scoliosis Research Society to range from 1.3% to 3.1%. 68 This could be expected to be greater in the surgical treatment of high-grade spondylolisthesis.
The management of a high-grade lumbosacral spondylolisthesis of grade III and greater differs significantly from that of a low-grade lesion and remains a surgical challenge, which raises considerable controversy. Previous reports have recorded an increased rate of nonunion with bending of the fusion mass and delayed neurological complications when posterolateral fusion in situ has been performed in high-grade slips. 40, 67, 69, 70 This can lead to progression of the spondylolisthesis, possibly owing to shear forces acting on the fusion mass in the presence of a high degree of lumbosacral kyphosis. 40 compared young patients with a grade III or IV spondylolisthesis treated non-operatively with a similar group who underwent a posterior interlaminar fusion. Although the clinical outcomes were better in the group treated operatively, pseudarthrosis and bending of the fusion mass occurred. Because of this, instrumentation primarily using pedicle screws has been introduced in an attempt to prevent further deterioration of the spondylolisthesis in these patients.
The primary goal of surgical treatment in patients with a high-grade spondylolisthesis where signifiant lumbosacral malalignment exists is to restore the global sagittal balance of the spinopelvic complex. The degree of reduction of the translatory displacement in high-grade slips is less important. Correcting the sagittal imbalance and achieving a solid fusion should lead to resolution of pain and improved function. Extending the fusion to L4 may place the fusion mass under compression, thereby reducing the risk of nonunion and restoring lumbar lordosis.
Spinal decompression is indicated when there are symptoms of neural compromise associated with imaging studies which demonstrate impingement on a nerve root or canal stenosis. The instability caused by removal of the posterior bony elements to allow for the decompression has to be treated by a posterior arthrodesis using transpedicular fixation. 35 Controversy remains regarding the need for reduction of the spondylolisthesis, which carries the risk of nerve root injury. 71 Reduction can be achieved with external casts or by instrumentation at operation. 35, 72 The potential advantages of reduction are enhanced rates of fusion and sagittal realignment with a reduction in the compensatory lumbar hyperlordosis. The disadvantages of aggressive lumbosacral realignment are excessive strain within the first sacral segment, causing sacral insufficiency fractures, bending of the sacrum and decompensation above the fused level.
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Fig. 4b
Pre-operative radiographs showing a) a dysplastic grade IV lumbosacral spondylolisthesis and an unbalanced spinopelvic complex with vertical sacrum and lumbosacral kyphosis and b) surgical stabilisation using the transfixation screw technique combined with a posterolateral fusion has significantly improved the sagittal balance of the lumbosacral junction. Retrospective non-randomised studies comparing fusion in situ with reduction in the management of high-grade spondylolisthesis have failed to demonstrate any clinical benefit from the latter. 71 Reduction is probably best suited to patients with a pre-existing neurological deficit necessitating neural decompression, which is likely to lead to a further slip. 76 Owing to the presence of segmental instability in a highgrade spondylolisthesis, reduction of the slip followed by instrumented circumferential lumbosacral fusion has been advocated. [77] [78] [79] The addition of support from the anterior vertebral column provides a wider surface area for a bony fusion, places the bone graft under compression, restores disc height which indirectly decompresses the neural foramen and provides an anterior pivot allowing a more effective correction of the lumbosacral kyphosis with the use of posterior instrumentation. 73, 80 However, it also requires complete or almost complete reduction of the slip in order to place an interbody device or structural bone graft across the lumbosacral disc, and this carries an increased risk of neurological complications. Interbody devices can be implanted through a posterolateral or an anterior approach to the lumbosacral space. Anterior approaches have the advantage of avoiding exposure of the neural elements, but carry the risk of injury to major vessels and of retrograde ejaculation in men.
A spondylolisthesis of grade III or above, with or without associated neurological compromise, can be managed by posterior stabilisation, which achieves an interbody fusion through the lumbosacral disc as well as stabilisation of L5 on S1 using a fibular strut graft. 81 Transvertebral fixation of the lumbosacral junction can also be accomplished with the use of pedicle screw instrumentation in conjunction with a posterolateral fusion. 82 The author's preferred technique is to perform a transdiscal stabilisation of L5 on S1 with screws and to extend the fusion to L4 in order to correct the sagittal imbalance of the lumbosacral spine and the pelvis (Fig. 4) . This technique allows angular correction of the lumbosacral kyphosis as well as partial reduction of the displacement of L5 on S1 by approximately one Meyerding grade. It is performed through a single posterior approach, is technically relatively easy, avoids significant manipulation of the nerve roots, provides three-column stabilisation and is stable biomechanically. Minamide et al 83 used a cadaver model of L5-S1 spondylolisthesis to show that transdiscal fixation using screws from S1 to L5 was 1.6 to 1.8 times stiffer than traditional pedicle screw fixation in all modes of loading tested, whereas there was no difference in stiffness between transdiscal fixation and combined interbody/pedicle screw fixation. Reduction of the retroversion of the pelvis and angular correction of the lumbosacral kyphosis reduces tension in the L5 and S1 nerve roots, restores the global sagittal balance of the spine and enhances fusion by applying compressive loads across the lumbosacral junction.
Transvertebral trans-sacral fibular strut grafting using autograft or allograft, with or without supplementary instrumented posterior fusion, can achieve excellent rates of union. 84, 85 However, central fibular strut grafting through a posterior approach requires manipulation of the cauda equina and morbidity of the donor site if autologous fibular graft is harvested. Good short-term results have been reported using transdiscal fixation and posterolateral iliac crest bone grafting without fibular interbody fusion. 86 Intra-operative neurophysiological monitoring is essential in the surgical treatment of a high-grade spondylolisthesis, irrespective of the technique used. It should include somatosensory and transcranial motor evoked potentials, as well as spontaneous and triggered electromyograms in order to monitor the lumbar and sacral nerve roots.
Spondyloptosis
In the treatment of grade V spondylolisthesis/spondyloptosis, Gaines and Nichols 87 have described the technique of L5 vertebrectomy with subsequent reduction and fusion of L4 on to the sacrum. Despite being a spinal shortening procedure, the incidence of neurological injury in a subsequent report was 75%. 88 An alternative approach is to perform resection of the sacral dome to allow partial reduction of the vertebral body of L5 on to the sacrum, followed by posterior instrumentation. 73 , 89 Ferris, Ho and Leong 90 described three patients with lumbosacral spondyloptosis who were treated by closed reduction followed by six to 12 weeks immobilisation in a plaster cast, posterior fusion and, finally, anterior fusion after a further three to six months. The clinical results at 7.5 to 10.5 years of followup were very satisfactory. The treatment of a high-grade spondylolisthesis and spondyloptosis involves highly demanding surgical techniques and carries a considerable risk of either neurological complications or failure to achieve an optimum outcome. Surgical experience and in-depth understanding of the indications, limitations and potential complications of each one of these procedures is required to produce a successful result.
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